The modes of decay for the even-even isotopes of superheavy nuclei of Z = 118 and 120 with neutron number 160 ≤ N ≤ 204 are investigated in the framework of the axially deformed relativistic mean field model. The asymmetry parameter η and the relative neutron-proton asymmetry of the surface to the center (Rη) are estimated for the ground state density distributions of the nuclei. We suggest that the resulting asymmetry parameter η and the relative neutron-proton asymmetry Rη of the density play a crucial role in the preformation factor of the decay half life.
The modes of decay for the even-even isotopes of superheavy nuclei of Z = 118 and 120 with neutron number 160 ≤ N ≤ 204 are investigated in the framework of the axially deformed relativistic mean field model. The asymmetry parameter η and the relative neutron-proton asymmetry of the surface to the center (Rη) are estimated for the ground state density distributions of the nuclei. We suggest that the resulting asymmetry parameter η and the relative neutron-proton asymmetry Rη of the density play a crucial role in the preformation factor of the decay half life.
PACS numbers: PACS: 21.10.Dr, 21 .60.Jz, 23 .60.+e, 27.90.+b Over the last three decades, the synthesis of superheavy nuclei has been dramatically rejuvenated owing to the emergence of cold fusion reactions, performed mainly at GSI, Darmstadt [1] [2] [3] [4] [5] , and hot fusion and/or the actinide based fusion reactions performed mainly at JINR, Dubna [6] [7] [8] [9] [10] [11] . Through these advancements of stable nuclear beam technology, it is not only possible to synthesizes superheavy nuclei but also provide impressive prospects for understanding the nuclear properties of these nuclei [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . At present, the question of the mode of decay and the stability of these newly synthesized nuclei arises. While reviewing the production and decay properties of nuclei with atomic number 100 ≤ Z ≤ 118, it can be seen that the sustainability of these superheavy nuclei is controlled mainly by the spontaneous fission and α-decay processes [1] [2] [3] [4] [6] [7] [8] [9] [10] [11] [12] . An important factor in the decay process of superheavy nuclei is the shell effect. It supplies the extra binding energy and increases the barrier height of fission [13] [14] [15] [16] [17] [18] . The situation in the case of spontaneous fission is very complex as compared to the α-decay process along the stability line of the superheavy region. Further, there is also the possible β − -decay mode for the superheavy nuclei that proceeds via the weak interaction. This process is slower and less favored as compared to spontaneous fission and α-decay in the valley of stability.
The most stable superheavy nuclei are predicted to be located along the neutron rich region of the β-stability line. It is not possible to reach those directly by the above mentioned fusion reactions with stable ion beams. In fact, the predicted magic proton number for the superheavy region are quite different within various theoretical approaches. For example, the magic proton number Z = 114 was predicted in the earliest macro-microscopic calculations [19, 20] , and later confirmed by Refs. [14, 21] . Fully microscopic approaches predict the proton shell closure at Z = 120 [22] [23] [24] , and/or Z =126 [25] using selected nucleon-nucleon interactions in mean field models. The neutron magic number N = 184 is almost firmly predicted by different theoretical models [21, 24] . For fur-ther experimental study of the superheavy nuclei, especially near the neutron rich side of the nuclear chart, basic ideas of the internal structure and reaction mechanism of those nuclei from advanced theoretical approaches are required. In other words, in order to produce superheavy nuclei in the laboratory, one needs to know the internal configuration and the radioactive decay properties theoretically. Hence, the knowledge of the modes of decay and half-lives of a nucleus over a very wide range of neutron-proton asymmetry within advanced theories are essential for their synthesis process and further progress in experiments.
In this regard, we investigate different possible modes of radioactive decay for the neutron rich superheavy nuclei. We have used the relativistic mean field (RMF) formalism [26, 27] with the recently developed NL3 * interaction parameter s [28] for the present analysis. The model have been successfully applied in the description of nuclear structure phenomena both in β−stable and β−unstable regions throughout the nuclear landscape including superheavy nuclei [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] . The constant strength scheme is adopted to take into account pairing correlations [30, 39] and evaluate the pairing gaps for neutrons and protons using the BCS equations [41] . The aim of the present study is to determine the properties of the modes of decay of neutron rich superheavy nuclei, which may help us to answer some important open questions: (1) how far may we still move in synthesis of superheavy elements by the fusion reactions, (2) where the island of stability is centered, (3) what are the properties of the most stable superheavy nuclei, and (4) how can one reach to this region. Further, the decay properties also play a crucial role in the study of the r-process of nucleosynthesis as well as the formation of heavy and superheavy nuclei in nature [42, 43] . Here we have considered the isotopic chains Z = 118 and 120 with 160 ≤ N ≤ 204, predicted to be the next magic valley [23, 24, 44] after 208 Pb. The basic idea is that the decay process is highly influenced by the internal configuration of the nucleus. In other words, the internal arrangement of nucleons determines the stability and modes of decay of the nucleus.
We have thus tried to explain the modes of decay of superheavy nuclei, by means of their internal structure arXiv:1802.04130v2 [nucl-th] 12 May 2018 and sub-structure. To know the proper internal configuration, it is important to know the ground and first intrinsic excited state properties of the nucleus. The bulk properties such as binding energy (BE), root mean square charge radii r ch , matter radii, and the energy difference between the ground state and the intrinsic first excited state δ E are calculated using the NL3 * force parameter. The results for the isotopic chains of Z = 118 and Z = 120 are listed in Table. I and II, respectively. The quantity (R η ) in the last column of both the tables will be discussed in subsequent sections. The ground state solutions for the isotopic chains of Z = 118 and 120 have a deformed prolate configuration while the first excited states are found to be of spherical shape. An analysis of the internal structure of the nucleus is possible from the three dimensional (3D) contour plot of the deformed density. Here, we show the total density distribution, which is the sum of the proton ρ p and neutron ρ n density of the nucleus for the ground state solution. The total density of the nucleus extends from the center to a distance of about 7 f m, as seen in Figs. 1, 2 and 3 .
Due to their symmetry, the densities need only be obtained for the positive quadrant of the plane parallel to the z-axis (the symmetry axis), and are evaluated in the r ⊥ z−plane, where x = r ⊥ Cosϕ and y = r ⊥ Sinϕ (cylindrical coordinates). The contour plots of the total density for the ground state of Z=118 and 120 for N = 172, 182 and 204 are shown in the lower panel of Figs. 1, 2 and 3, respectively. The color code along with the density ranges are given on the right side of the contour plots.
From the color code, we can determine the range of the density values for a specific region of the nucleus (i.e. the cluster structures). For example, the color code with deep red corresponds to maximum density value (ρ ∼ 0.18 f m −3 ) and the deep blue to the minimum density (ρ ∼ 0.001 f m −3 ). A careful inspection of the contour plots of the ground state density distributions shows a broken ring-like structure at the surface of the isotopes along the valley of stability. The distorted ring-like structure in the case of proton rich isotopes for N = 172 ( 290 118 and 292 120) (Fig. 1 ) disappears as one moves towards the neutron rich isotopes (Fig. 2) . The asymmetry of the density in the ring-like region is higher than that of the central region of a nucleus. It shows a clear signature of a neutron skin structure for the neutron rich isotopes of Z = 118 and 120. This special attribute in the surface region of the nucleus also could play crucial role in the mode of decay of these nuclei.
The asymmetry parameter η can be estimated from the mean field density distributions and is defined as,
Here, ρ n and ρ p are the density distribution of the proton 
FIG. 1. (Color online)
The total ground state density and the neutron-proton asymmetry parameter η distribution for the density of 290 118 and 292 120 from the relativistic mean field (RMF) with NL3
* force are displayed in the lower and upper panels, respectively. 
FIG. 2. (Color online)
The total ground state density and the neutron-proton asymmetry parameter η distribution for the density of 302 118 and 304 120 from the relativistic mean field (RMF) with NL3 * force are displayed in the lower and upper panels, respectively. and neutron, respectively. The role of this parameter is essential for estimation of the predominant constituents (neutron or/and proton) for a specific region. In other words, the contour plots of the asymmetry parameter η using Eq. (1) figure. From the figure, we find the distribution of the asymmetry parameter is uniform in the center of the nuclei but increases to a very high value (i.e. almost four times the central value) and forms a ring-like structure at the surface. Quantitatively, the central region (i.e. ∼ 0 − 5f m), has a value of η ∼ 0.2, which changes to ∼ 0.8 at the surface region (i.e. ∼ 5 − 8f m). Note that that the value of η is divided by 5 to use the color code in the right side of the figures. Here, we also find a ring-like structure for all the isotopes (Fig. 3) , but the situation is just reverse the of the ground state density (see Fig. 2 ). The ring-like structures is also shifted toward the surface with increase of the neutron number. The concentration of neutrons in the surface region suggests a strong possibility for β − -decay. Calculations in triaxially deformed coordinate space may resolve more issues and will throw more light on this possibility.
We have estimated the relative neutron-proton asymmetry at the surface to that at the center of the nucleus R η = η s /η c (i.e. the ratio of the average asymmetries of the surface η s to the center η c ) for the isotopic chains of Z = 118 and Z = 120. The estimated values of relative neutron-proton asymmetry parameter R η are listed in the last column of Tables I and II for the Z = 118 and 120 isotopes, respectively. We find that the magnitude of R η increases with neutron number in each isotopic chain. The values of the R η is ∼ 2.5 for 290 118 (i.e. N=172) and increase gradually with the neutron number, reaching a value of 5.0 for 322 118. We see a similar tendency for the isotopic chain of Z = 120 (i.e. see Table II ). The excess neutrons clearly accumulate in the surface region instead of the center of the nucleus. This effect is also manifested in the progressive appearance of a neutron ring-like structure with high neutron density. Due to the extreme neutron richness at the surface, β − -decay could become a predominant mode of decay of neutron rich superheavy nuclei instead of α− decay. It might also be an alternative to the fission process of highly neutron rich nuclei [13, 45] , where the process is inhibited due to extreme neutron richness in the neck region.
In summary, we have analyzed the bulk properties such as the binding energy, charge radius r ch , and the binding energy difference of ground and intrinsic first excited states ∆ E for the isotopic chains of Z = 118 and 120. The RMF model, which has gained the confidence of the nuclear community in the study of exotic nuclei including superheavy nuclei has been adopted for the present study. We found deformed prolate ground state structure for these nuclei and a spherical first excited state. The ground state density along with the asymmetry parameter η are also calculated. The widely varying relative neutron-proton asymmetry at the surface to that of the center of a nucleus R η suggests a possible β − -decay mode. To our knowledge, this is one of the first such interesting and different phenomenon to appear in the superheavy region.
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